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CC:
Date: September 2015 Job No: 84534

Missouri River Storage Assessment Technical Memorandum

1.0 Introduction

The U.S. Army Corps of Engineers (Corps) is preparing an environmental impact statement (EIS) for the
proposed reconstruction of the Nebraska Highway 12 (N-12) roadway east and west of the Village of
Niobrara (Niobrara), Nebraska (Project). Because the Project would have impacts on regulated waters of the
U.S. and would require a Clean Water Act Section 404 permit, and no other federal action is required, the
Corps is the lead federal agency for compliance with the National Environmental Policy Act (NEPA).

The purpose of this hydraulic assessment is to estimate the potential effect each Project alternative may have
on the ability of the valley to convey the 1-percent-annual-chance (also known as the 100-year) Missouri
River flood (1 Percent Flood) and the potential effect each alternative may have on the storage capacity of the
Missouri River 1 Percent Flood floodplain. To provide a national standard without regional discrimination,
the 1 Percent Flood has been adopted as a standard threshold for both the NFIP and EO11988 Compliance.
This assessment was also performed to estimate the potential effect each alternative may have on the reservoir
storage capacity of the Lewis and Clark Lake formed behind Gavins Point Dam using conceptual-level
evaluation based on available existing information and assumptions to determine whether additional study is
necessary. Groundwater flow was not considered in this analysis; however the contribution of groundwater to
floodplain equalization flows would be directly proportional to the duration of the flood event. Only the
potential effects on surface water in the Missouri River floodplain are included in this assessment.

An initial analysis of the Missouri River Storage Assessment was completed in February 2012. The best
available hydraulic data for this area was updated 20 May 2015 by the Corps and comes from the Hydraulic
Modeling and Mapping Summary Steady RAS Confluence of Missouri and Niobrara River near Niobrara,
Nebraska May 2015 Study), the following analysis and documentation has been updated based on the May
2105 Study. The q;¢o increases from 100,000 cfs at the upper end of the project reach to 101.700 cfs at the
lower end. Nebraska Highway 14 (N-14) would also be raised to meet the future design considerations.
However, it was determined that the 1 Percent Flood does not overtop N-14 during future conditions except
for a small portion that has very minor overtopping. Therefore, no additional analysis was needed for N-14 to
assess the additional road raise required to meet future design considerations for N-12.

A review of the influence of climate change was performed by the Corps per their policy on civil works
studies, designs, and projects (Corps 2014a). The area of influence for this Project is the contributing
drainage area of the Missouri River watershed upstream of Gavins Pont Dam. This includes the majority of
the states of Montana, North Dakota, Wyoming, and South Dakota (Corps 2015b). This study concluded that
the potential increases in flood magnitudes and stages are likely in the uncertainty range for the existing
hydrology used to compute flood stages and also the stage effects caused by projected sediment deposition.
See study in Appendix A. For these reasons, it was not recommended to change the flood frequency values to
anticipated climate trends. For purposes of discussion in this memorandum, floodplain is synonymous with
the 100-year floodplain.
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Alternative A7 was added as a practicable alternative following the February 2012 analysis. However,
Alternative A7 is on the same alignment and has the same vertical profile as Alternative A3. Alternative A7
contains approximately 7,000 feet more total bridge length than Alternative A3. Due to these similarities, the
analysis of Alter naive A3 would yield similar results to what would be seen for Alternative A7. Instances of
comparison of analysis between Alternative A3 and A7 are provided in sections below when appropriate. For
the purpose of this assessment, no additional modeling was performed on Alternative A7.

In addition, Alternative B1 is included in this analysis as it was initially performed prior to completion of
practicability screening. The analysis of Alternative B1 is retained in this memorandum but is not a
practicable alternative as determined by the Corps.

1.1 Alignment Descriptions

Refer to Figures I-1 and I-2 for a plan view of the alternatives’ alignments. A complete description of each
alternative can be found in Chapter 2 of the N-12 Draft EIS. Alternatives Al, A2, and A3 alignments are in
the area inundated by the 1 Percent Flood, see Figures I-1 and I-2.

1.1.1 No-Action Alternative

Evaluation of the No-Action Alternative is required in an EIS (40 CFR 1502.14(d) and 1508.25(b)). The No-
Action Alternative is used as a benchmark for comparison of the environmental effects of the Action
Alternatives. Under the No-Action Alternative, for comparative purposes, it is assumed that the Applied-for
Project nor any of the Action Alternatives would be implemented. In this scenario, it is assumed that NDOR
would continue to maintain N-12 for traffic and make improvements to correct the design deficiencies that
have been created due to past flood events. Maintenance activities that impact jurisdictional wetlands or other
waters of the U.S. would require a federal action from the Corps. Actions within the 39-mile District of the
MNRR that impact jurisdictional wetlands or other waters of the U.S. would require a federal action from the
Corps and/or the NPS. These federal actions would also require compliance with NEPA and would be
evaluated on each independent action. Future maintenance activities associated with the No-Action
Alternative requiring a federal action are not evaluated in this Draft EIS.

1.1.2 Alternative Al, Elevation Raise on Existing Alignment

This alternative involves raising the existing N-12 roadway on the current alignment to an elevation
approximately 9.5 feet above the water surface elevation of the Missouri River during the 1 Percent Flood on
the west and east segments. In addition, the roadway would be widened, embankments would be graded, and
curvature and ingress and egress considerations for county roads and private access would be modified to
satisfy current Nebraska roadway design standards and to facilitate an adequate level of service for east-west
traffic.

This alternative would require the construction of a two-lane temporary roadway parallel to the existing
roadway, allowing construction of the new road to be performed directly on (when practicable) the existing
alignment. When the new roadway is open to accept traffic, the two-lane temporary roadway would be
removed, and the remainder of the new roadway embankment and/or roadside ditches would be constructed.

1.1.3 Alternative A2, Elevation Raise on Parallel Alignment

This alternative involves constructing the road on a raised-elevation alignment parallel and adjacent to
existing N-12. Portions of this alternative would be constructed north of existing N-12 while other portions
would be constructed south of existing N-12, dependent on site constraints and design requirements.

A wave attenuation berm that would range in length (15-foot minimum) would be incorporated on the north
side of the roadway into those sections where the new highway embankment would be shifted to the south of
the existing highway section. The wave attenuation berm with a vegetative wave break was designed to take
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advantage of the existing highway embankment where applicable. Where the new highway embankment
would be located along (Existing Alignment) or located north of (Parallel Alignment) the existing highway, a
standard 3:1 embankment section would be used with riprap placed along the 3:1 slope of the embankment.
Potential compensatory wetland mitigation for the Project may include total elimination of the entire existing
roadway embankment.

This alternative would be constructed at an elevation approximately 8.5 to 9 feet above the 1 Percent Flood
water surface elevation of the Missouri River but would still be within the delineated floodplain on the west
and east segments. Roadway design would involve 12-foot driving lanes, 6- to 8-foot shoulders, and sloping
embankments. These design features satisfy current Nebraska roadway design standards and would facilitate
an adequate level of service for east-west traffic.

The new roadway would be constructed with an offset alignment. The offset alignment, in association with a
system of shoofly connections and temporary roads, would allow uninterrupted traffic on both lanes of the
existing roadway during construction.

1.1.4 Alternative A3, Base of Bluffs Alignment

This alternative would shift the roadway alignment south to the base of the Missouri River bluffs. However,
there are many locations where this alternative’s alignment is identical to Alternative A1 or A2 due to the
proximity of the bluffs to the Missouri River. Although at the base of the bluffs, it is likely some of the
proposed roadway embankment may be in the 1 Percent Flood floodplain of the Missouri River, as delineated
by the Federal Emergency Management Agency (FEMA). This alternative moves the alignment to the
southern extreme of the floodplain where possible.

Where the new highway embankment would be located along (Existing Alignment) or located north of
(Parallel Alignment) the existing highway, a standard 3:1 embankment section would be used with riprap
placed along the 3:1 slope of the embankment. Potential compensatory wetland mitigation for the Project
may include total elimination of the entire existing roadway embankment.

This alternative would be constructed at an elevation approximately 9.5 feet and 11 feet above the water
surface elevation of the Missouri River during the 1 Percent Flood on the west and east segments,
respectively. Roadway design would satisfy current Nebraska roadway design standards and would facilitate
an adequate level of service for east-west traffic. Additionally, this alternative would facilitate uninterrupted
traffic on the existing highway throughout construction.

1.1.5 Alternative A7, Base of Bluffs Elevated

Alternative A7 is the same alignment as Alternative A3, but incorporates 9,302 feet (1.8 miles) of bridges.
The same vertical profile would be the same as under Alternative A3.

1.1.6 Alternative B1, Bluffs Alignment

This alternative would relocate N-12 south of the Missouri River floodplain on the adjacent bluffs and would
be an entirely new transportation corridor. On the west end of the west segment, this alternative would
deviate from the existing alignment just east of Ponca Creek and would rejoin the existing alignment just
north of County Road 892. In the east segment, the alignment would deviate from the existing alignment east
of 4™ Street in Niobrara and would reconnect with existing N-12 at approximately Spur 54D. A new
connection to the Standing Bear Bridge (Nebraska Highway 14) and South Dakota Highway 37 would be
developed.
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As this alignment is outside of the FEMA-delineated 1 Percent Flood floodplain of the Missouri River,
current and future flood hazards would be eliminated. Additionally, the roadway would facilitate both an
adequate level of service for east-west traffic and uninterrupted traffic on the existing highway during
construction. Roadway and bridge design geometries would satisfy current Nebraska roadway design
standards for safety; however, modifications to standard roadway templates may be required to minimize the
landslide potential associated with constructing on the Pierre shale geologic formation. Following
construction of the new alignment, all of the existing N-12 roadway and embankment would be removed.
Additional access to private properties would be considered on a case-by-case basis. If access could not be
reasonably provided, the private parcel would be purchased.
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2.0 Potential Effect on Missouri River Conveyance or
Floodplain Storage and Lewis and Clark Lake Storage

The Project has the potential to impact three distinct hydraulic conditions: 1) Missouri River conveyance or
storage; 2) Lewis and Clark Lake reservoir storage; and 3) conveyance on Missouri River tributaries at N-12
crossings. Portions of the east segment are located in the upper regulatory zones of Lewis and Clark Lake.
Portions of the west and east segments are located within the Missouri River floodplain.

2.1 Missouri River Conveyance

The Knox County, Nebraska, Flood Insurance Study (FIS) indicates there is an approximate Zone A (areas
subject to inundation by the 1-percent-annual-chance flood event) delineated for this reach of the Missouri
River; this means that no detailed floodplain modeling of the Missouri River has been performed, and no
FEMA-designated floodplain or floodway elevations have been established. Since no detailed study has been
performed on the Missouri River in Knox County, there is no delineated floodway.

The best available hydraulic data for this area comes from the Corps May 2015 Study. In order to perform an
analysis on the potential impact of each alternative on Missouri River flood flow conveyance, HDR
Engineering, Inc. (HDR), obtained water surface elevations determined in the May 2015 Study.

This portion of N-12 in the Project boundary is a two-lane paved state highway constructed on earthen
embankment ranging from 6 to 10 feet high. Using these water surface elevations, combined with best
engineering judgment and understanding of FEMA floodplain/floodway protocol, it is assumed for the
purposes of this analysis that if determined by future detailed FEMA study, the floodway boundary on the
Nebraska side of the Missouri River floodplain would not be landward of the existing N-12 roadway
embankment for the within the Project limits. This means the floodplain to the landward side of N-12 would
be considered floodfringe; floodplain development in this part of the floodplain displaces floodplain storage
volume, but since it is not part of the floodway, development in this part of the floodplain does not affect
floodway capacity. Since it is assumed for this assessment that the existing N-12 embankment would serve as
the floodway boundary, development along the existing N-12 alignment and landward would not affect the
conveyance of the Missouri River for the 1 Percent Flood.

All of the alternatives are either along the existing N-12 alignment or are located to the landward side of the
existing N-12 alignment. Each of the proposed alignments would have less than 0.2 ft of stage increase on
the Missouri River for the 1 Percent Flood according to June 15, 2015 Memo for CENWO-OD-RF (Appendix
E).

2.2 Missouri River Floodplain Storage

Development in the floodfringe portion of the floodplain, can affect floodplain storage in two ways: 1) by
direct displacement of storage volume by roadway earth fill; or 2) by isolating a portion of the floodplain by
blocking or restricting flow into the floodfringe with earth fill or insufficient hydraulic capacity of culverts
and bridges. Restriction of flows through culverts and bridges under the roadway would have a detrimental
effect on the time required for the elevation of the floodwaters to equalize on either side of the roadway
embankment.

2.2.1 Floodplain Storage Volume Estimates

The flood storage volume was estimated using 1-Percent Flood water surface elevations from the May 2015
Study and the approximate ground elevations provided for the alternatives at multiple locations to
approximate the depth and width of the floodplain.
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Depth of floodwaters and the ground intercept point were used to approximate the end area at each
cross-section, and the average end area method was utilized to estimate the floodplain storage volume on the
landward side of the existing N-12 alignment.

For the No-Action Alternative, Alternative Al, and Alternative A2, there are three areas with significant
floodplain storage volume, one in the west segment and two in the east segment. These areas are displayed in
Figure I-1 and Figure I-2. For the purpose of this analysis, Alternatives A1 and A2 are very similar in
alignment and proximity. In addition, the same proposed culvert and bridge improvements exist for both
alternatives. Therefore, as the estimated floodplain storage volume is approximate and because the
assessments are qualitative in nature, any minor difference in the potential effects between Alternatives Al
and A2 are determined to be insignificant, and the potential effects of each will be considered to be the same
for this assessment and will be jointly referred to as Alternatives Al and A2.

For Alternative A3 and Alternative A7, there are no significant floodplain storage areas landward of the
alternative since the alignment closely follows the base of the bluffs.

For Alternative B1, there are no significant floodplain storage areas since all but the west end of the west
segment is out of the Missouri River valley.

Table 2-1 summarizes the approximate floodplain storage volumes for each alternative for each storage area.

Table 2-1
Approximate Floodplain Storage Volumes (acre-feet)
. No-Action Alternatives A1 | Alternative A3 .
sesin Alternative and A2 and A7 ALEEE T B
West Storage Area 672,800 672,800 NA NA
East Storage Area 1 201,700 201,700 NA NA
East Storage Area 2 123,200 123,200 NA NA

Flow into these flood storage areas for existing conditions occurs predominately via weir flow over the
existing road and would occur predominately via backflow through the proposed bridges and culverts of each
proposed alternative. See calculations in Appendix B.

A general assessment of the effects of roadway fill volumes of each alternative was performed based on
typical flood depth along each alternative. For this analysis, the length of each alternative within the
floodplain storage areca was estimated (see Table 2-2).

Table 2-2
Approximate Road Length in Floodplain (feet)
: No-Action Alternatives A1 | Alternative A3 .
Lo Alternative and A2 and A7 Al El
West Storage Area 17,000 17,000 3,000 NA
East Storage Area 1 4,000 4,000 NA NA
East Storage Area 2 4,000 4,000 2,000 NA

Additionally, the average depth of flooding that would be expected to occur along the portions of the
floodplain landward of the roadway for each alternative was estimated by comparing the approximate ground
elevations to the approximate water surface elevations provided by the May 2015 analysis for the 1-Percent
Flood (see Table 2-3).
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Table 2-3
Average Depth of Flooding for the 1 Percent Flood (feet)

: No-Action Alternatives Al Alternative .

Location Alternative and A2 A3/AT AT
West Storage Area 14 15 11 NA
East Storage Area 1 12 12 2 NA
East Storage Area 2 11 10 8 NA

The estimated volume of proposed roadway fill that would be placed below the water surface in the floodplain
was determined by comparing both the area of the typical roadway cross-section below the water surface and
the approximate road length in the floodplain to the total storage area volume. The results of this assessment
indicate that a very small percentage of flood storage is directly displaced by earth fill, as shown in Table 2-4.
In addition, Alternatives A3, A7, and B1 include removal of the existing roadway, allowing floodwaters
access to the floodplain storage areas as the floodwaters rise.

Table 2-4
Comparison of Storage Volume Displaced by Earth Fill (acre-feet)
Location NO'AC“Q” A A Alternative A3* | Alternative B1
Alternative and A2
West Storage Area 370 (0.05%) 830 (0.12%) 490 NA
East Storage Area | 150 (0.07%) 350 (0.17%) 60 NA
East Storage Area 2 170 (0.14%) 260 (0.21%) 210 NA

*The total storage capacity of Alternative A7 was not calculated, but due to
approximately 7,000 feet increase in total bridge length, the storage volume displaced
would be less than that calculated for Alternative A3.

When compared to the floodplain storage area values given in Table 2-1, the largest percentage of volume
displaced by earth fill for the roadway is approximately two-tenths of one percent of the estimated floodplain
storage area, which is negligible. More detailed analysis of displacement of floodplain volume by earth fill at
this conceptual stage is not warranted.

2.2.2 Culvert and Bridge Capacity Estimates

The following assessment addresses only the surface water portion of the equalization flows. It is assumed
for the purposes of this assessment that surface flows account for no mote than 10 to 20 percent of the
equalization flow rate, the remainder would be due to groundwater flow and effects. It is assumed that the
floodplain areas would be empty at the beginning of a Missouri River flood. Backflow through each culvert
or bridge to equalize water surface elevations on either side of the existing N-12 roadway would begin as
soon as the depths of the floodwaters on the river side exceeded the ground elevation on the landward side of
the roadway. Flow rates would be changing as the flood elevation changed and as the floodplain water
surface elevation changed, and a dynamic analysis of floodplain equalization for those conditions is outside
the scope of this conceptual assessment and would approach zero once roadway overtopping begins and water
surface elevations on each side of the roadway equalize for existing conditions. The roadways will not
overtop for any of the proposed alternatives so an assessment of flow capacity was made with the headwater
depth on the culvert or bridge equal to the Missouri River 1 Percent Flood water surface profile at the
respective culvert or bridge location and tailwater depth on the landward side of the culvert or bridge was
assumed to be half of the headwater depth. This approach is a valid estimate of the average flow rate that
would occur at a culvert or bridge during a flood. All culvert sizes are based on 30% roadway design plans
and ground elevations on LIDAR 2ft contours. Final culvert sizing is subject to change during final design.
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Capacity of the culverts was estimated using Version 8.7.2, January 2012 build, of the HY-8 culvert modeling
software developed by the Federal Highway Administration. Since the waterway area shape under the
bridges would be trapezoidal, HY-8 software would not be applicable and development of a detailed
Hydrologic Engineering Centers River Analysis System (HEC-RAS) model of each bridge is not justified at
this conceptual stage of the Project. The backflow through each bridge was estimated using Manning’s
equation for trapezoidal open-channel flow conditions in FlowMaster, Version 8i, software developed by
Haestad Methods, Inc. The minimum channel slope value accepted by the software was used for the
estimates. Side slopes under the bridges were assumed to have a ratio of 2:1 with an 8-foot-wide stability
berm on either side at an elevation 4 feet below the roadway surface, and the headwater elevations are as
described above for the culverts (see calculations in Appendix B).

Weir flow over the existing roadway accounts for the majority of the surface flow filling the storage areas for
the No-Action Alternative whereas surface flow through culverts and bridges accounts for all of the surface
flow filling the storage areas for Alternatives A1l and A2. Since there is no significant flood storage volume
landward of Alternative A3 and Alternative A7 and none associated with Alternative B1, and since the
existing roadway fill would be removed if these alternatives were selected, no analysis of culvert or bridge
capacity was performed for Alternatives A3, A7, and B1. Table 2-5 summarizes the cumulative culvert and
bridge capacity.

Table 2-5
Cumulative Culvert and Bridge Capacity (acre-feet/day)
: No-Action Alternatives Al
EEEE Alternative and A24
West Storage Area 1,240,000" 48,660
East Storage Area 1 590,0002 16,080
East Storage Area 2 280,0003 8,320

Notes:
1 Includes approximately 14,800 feet of weir flow an average of 6 feet
deep over roadway (1,240,000) acre-feet/day) plus 19,900
acre-feet/day culvert and bridge capacity

Includes approximately 6,900 feet of weir flow an average of 5 feet
deep over roadway (590,000 acre-feet/day) and assumes zero culvert
and bridge capacity

Includes approximately 5,300 feet of weir flow an average of 4 feet
deep over roadway (280,000 acre-feet/day) and assumes zero culvert
and bridge capacity

No overtopping flow

Some of the culverts are located where the ground elevation is above the 1 Percent Flood elevation of the
Missouri River; they would not contribute to the net equalization capacity and were not considered in the
capacity calculations.

Because the No-Action alternative includes weir flow over the roadway, Alternatives A1 and A2 would have
less capacity than the existing bridges and culverts so would have a negative effect on floodplain storage
equalization.

2.2.3 Equalization Time Estimate

The cumulative culvert and bridge flow rate for each storage area was used to estimate the time needed to
convey floodwaters into the floodplain and fill the storage areas (see Table 2-6).
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Table 2-6
Equalization Time (days)

g No-Action Alternatives Al
Location Alternative and A2
West Storage Area 0.5 14
East Storage Area 1 0.3 13
East Storage Area 2 0.4 15

2.2.4 Assessment

No-Action Alternative — This alternative would result in no change to the floodplain storage volume since it
would be considered an existing condition, and the roadway fill, weir flow, and capacity of existing bridges
and culverts would be taken into consideration in delineation of the floodplain. Based on the above
assessment, this alternative would result in negligible effect.

Alternatives Al and A2 — These alternatives would result in a large increase in the equalization time for the
respective locations listed above due to the No Action Alternative capacity made up mostly of weir flow from
overtopping the road. Although Alternatives A1l and A2 increase the culvert and bridge capacity, the roadway
is no longer overtopped decreasing the total surface water capacity.

Alternative A3 and A7- The potential effect of this alternative would be limited to direct displacement of
flood storage by roadway embankment on the new alignment and by removal of the existing roadway. Since
the existing roadway would be removed, it is assumed the floodplain storage would fill as the Missouri River
1 Percent Flood occurs, so equalization would occur concurrently with the water rise. This alternative would
have no effect on Missouri River floodplain storage.

Alternative B1 — No portion of this alternative is within the Missouri River floodplain. Since the existing
roadway would be removed, it is assumed the floodplain storage would fill as the Missouri River 1 Percent
Flood occurs, so equalization would occur concurrently with the water rise. This alternative would have no
effect on Missouri River floodplain storage.

2.3 Lewis and Clark Lake Storage

The Northwestern Division (NWD) of the Corps has published a regulation titled “Land Development
Guidance at Corps Reservoir Projects” that provides guidance for evaluating and documenting impacts
associated with cut and fill volumes for land development within NWD flood control reservoir pool areas (see
Appendix C). These pool areas are segmented into three zones, each with different operating levels. In
addition to factors to be considered for developments on the Corps’ NWD flood control reservoirs, such as
flood damage to property, flood damage to the reservoir, potential effects on Missouri River Mainstem
System operations, public safety, environmental stewardship, and flood hazard mapping guidance, the
regulation contains criteria for evaluation of cut and fill activities associated with land development for the
three zones within the reservoir storage area. If volume is displaced in a regulatory zone by a potential
development entirely on Corps-controlled lands, the equal amount of storage volume must be provided within
the respective zone so there is no loss of volume. If the proposed project straddles Corps and non-Corps
controlled land, the developer is encouraged (emphasis original) to mitigate for fill. A linear project such as
the N-12 Project must be evaluated not only for the potential effects of actual displacement of storage due to
the roadway fill placed in each zone but also for the potential effects of any blockage or impedance to
floodwaters flowing into floodplain storage areas.
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2.3.1 Lewis and Clark Reservoir Regulatory Zones

There is no information on the upstream limits of the regulatory zones at Lewis and Clark Lake. If the
upstream limits extend to the valley intercept points, both the west and the east segments would have the
potential to affect Zone 3. The elevations assigned to Zones 2 and 1 are below the lowest ground elevation in
the west and east segments, so the Project would not affect these zones. If the western boundary of the Lewis
and Clark Lake regulated area is congruent with the western boundary of the Missouri National Recreational
River (see Appendix D, Figure 3-3), the East Storage Area 2 would be the only area with potential to affect
the regulatory zones and would subject to requirements for projects on Corps land. If the western boundary
of the Corps land is Lewis and Clark park limits, the project would not affect any of the Corps lands but
would be encouraged to comply with the requirements.

The three regulatory zones defined for Lewis and Clark Lake are based on conditions with increasing water
surface elevations behind the Gavins Point Dam and are shown in Figure 2-1. The bottommost zone, Zone 1,
extends from the top of the Multipurpose Pool (Elevation 1208.0 feet above Mean Sea Level) to the top of
spillway (Elevation 1210.0). The next zone, Zone 2, extends from the top of spillway elevation to the top of
exclusive flood control (Elevation 1221.4). Zone 3 extends from the top of exclusive flood control to the top
of dam (Elevation 1234.0). The upper elevation of each zone is provided in the Table 2-7. Only Zones 2 and
3 have high enough elevations to be potentially affected by the alternatives. Table 2-7 provides the elevation
and zone descriptions for Lewis and Clark Lake.

Non-Corps
Controlled
Lands Held in Fee and/or Corps-Held Easement Lands

Top of Exclusive Flood Control
Fill2 £

Top of Spillway

\

Fill1_
\ Top of Multipurpose Pool 7

Volume of Cut1 = Volume of Fill1
Volume of Cut2 = Volume of Fill2
Volume of Cut3 = Volume of Fill3

Figure 2-1. Typical Cut and Fill Volumes for Land Development (Corps 2004)

Table 2-7
Lewis and Clark Lake Zones
. Upper
Zone Description Elevation?
Zone 3 Top of Dam 1,234.0
Zone 2 Top of Spillway 1,210.0
Zone 1 Top of Multipurpose Pool 1208.0
Notes:

' All elevations are shown in feet above mean sea level.

Source: Corps. April 30, 2004. Land Development Guidance at Corps
Reservoir Projects. NWDR 1110-2-5. U.S. Army Corps of
Engineers, Northwestern Division, Portland, Oregon, Appendix A.
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2.3.2 Regulatory Zone Storage Volume Estimates

Estimated values for the Zone 3 storage volumes at Lewis and Clark Lake were determined using the
procedure described in Section 2.2 (see Table 2-8). Zones 1 and 2 are not applicable because no portions of
the alternatives are within the elevation limits of these zones. Only the East Storage Area 2 is applicable, as
described above.

Table 2-8
Approximate Lewis and Clark Lake
Regulatory Zone Storage Volumes (acre-feet)

Location Zone 3
West Storage Area NA
East Storage Area 1 NA
East Storage Area 2 117,200

The flood storage volume directly displaced by the roadway fill in Zone 3 would be a small percentage, as
described above in the Floodplain Storage Volume Estimate section; therefore, a more detailed analysis at this
conceptual stage is not justified. Any development within the Lewis and Clark Lake storage zones would
need to comply with the “no-net-loss” storage volume requirements stated in the “Land Development
Guidance at Corps Reservoir Projects, Appendix A” document. The portions of the proposed project that are
on non-Corps controlled lands will be encouraged to comply with the above document.

2.3.3 Culvert and Bridge Capacity Estimates

Estimated values for culvert and bridge capacities were determined with the same procedure described in
Section 2.2, except the boundaries of each regulatory zone were used in lieu of the 1 Percent Flood elevations
to estimate headwater depth (see Table 2-9). The maximum elevation of Zone 3 would yield an average depth
of about 16 feet over the existing roadway of the No-Action Alternative and an average depth of about 2.5
feet over the roadway of Alternative A2. Those depths were used to estimate weir overtopping flow rates
over the roadway.

Table 2-9
Existing Cumulative Culvert
and Bridge Capacity (acre-feet/day)

Location Zone 3
West Storage Area NA
East Storage Area 1 NA
East Storage Area 2 1,795,000"

Notes:
YIncludes approximately 4,650 feet of weir flow an average of 16 feet
deep over roadway (1,785,600 acre-feet/day) plus 9,400
acre-feet/day culvert and bridge capacity

Proposed culvert and bridge improvements identified for Alternates Al and A2 were used to determine
estimated capacity for proposed conditions (see Table 2-10). Alternative A3 and Alternative A7 are not in the
Lewis and Clark Lake regulatory zones, and the existing roadway would be removed.
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Table 2-10
Proposed Cumulative Culvert
and Bridge Capacity (acre-feet/day)

Location Zone 3
West Storage Area NA
East Storage Area 1 NA
East Storage Area 2 30,200 '

Notes:
'No overtopping flow

Because the No-Action alternative includes weir flow over the roadway, Alternatives Al and A2 would have
less capacity than the existing bridges and culverts so would have a negative effect on floodplain storage
equalization.

2.3.4 Equalization Time Estimate

The cumulative culvert and bridge flow rate for the East Storage Area 2 was used to estimate the time needed
to convey floodwaters into the floodplain and fill the storage areas (see Table 2-11). There is a significant
difference in the weir overtopping capacity between the No-Action Alternative and Alternatives A1 and A2 in
Zone 3, causing the large difference in equalization time. Alternatives A3 and B1 include removal of the
existing N-12 roadway fill, so the floodplain storage areas would fill as the water levels rise. Since there
would be no equalization required, data for Alternatives A3 and B1 are not provided.

Table 2-11
Equalization Time for Zone 3 (days)
] No-Action Alternatives Al
et Alternative and A2
West Storage Area NA NA
East Storage Area 1 NA NA
East Storage Area 2 0.1 3.9

2.3.5 Assessment

The following assessments are applicable to the surface water portion of the equalization flows into the
storage area. As stated previously, a very large portion of the equalization flow would be groundwater
movement.

No-Action Alternative — This alternative would result in no change to the Zone 3 storage, and the roadway
fill and capacity of existing bridges and culverts would be taken into consideration in delineation of the
floodplain. If the backwater from Lewis and Clark Lake were at the top of Zone 3 (elevation 1,234.0 feet
above mean sea level), there would be weir overtopping flow on about 4,650 feet of roadway.

Alternatives A1 and A2 — These alternatives would result in a large increase in the equalization time for the
respective locations listed above due to the No Action Alternative capacity made up mostly of weir flow from
overtopping the road. Although Alternatives A1 and A2 increase the culvert and bridge capacity, the roadway
is no longer overtopped decreasing the total surface water capacity.

Alternative A3 and A7 — Potential effects would be limited to direct displacement of flood storage by
roadway embankment. This alternative would not have an additional effect on Zone 3 storage. Since the
existing roadway would be removed, it is assumed the storage zone would fill as the regulatory zones are
filled, so equalization would occur concurrently with the water rise.

8404 Indian Hills Drive
Omaha, NE 68114-4098
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Alternative B1 — This alternative would result in no change to Zone 3 storage since no portion of this
alternative is in Zone 3. Since the existing roadway would be removed, it is assumed the storage zone would
fill as the regulatory zones are filled, so equalization would occur concurrently with the water rise.

3.0 Alternative Alignment Assessments

A qualitative scale was developed for this assessment to describe the effects each alternative may have on
measurable values of the Missouri River floodplain storage and the Lewis and Clark Lake storage (see
Table 3-1). The scale values are as follows:

e Negligible — Potential effect would result in a change of less than 5 percent. Due to the simplifying
assumptions utilized for this concept-level assessment, neither positive nor negative attributes will be
assigned to a change of less than 5 percent.

e Minor — Potential effect would result in a change of greater than 5 percent but less than 15 percent.

e Moderate — Potential effect would result in a change of greater than 15 percent but less than 25

percent.

e Major — Potential effect would result in a change greater than 25 percent.

The following table addresses only the surface water portion of the equalization flows. It is assumed for the
purposes of this assessment that surface flows account for no more than 10 to 20 percent of the equalization
flow rate, the remainder would be due to groundwater flow and effects.

Table 3-1
Assessment Summary of Alternatives’ Effects

Al Missouri River Missouri River LeL\;VI'(Z %qgrglagk

Conveyance Floodplain Storage g

Zone 3

No-Action Alternative Negligible Negligible Negligible
Alternatives Al and A2 Negligible Major Negative Major Negative

Alternative A3 and A7 Negligible Negligible Negligible

Alternative B1 Negligible Negligible Negligible
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3.1 Missouri River Conveyance

All of the alternatives would have a negligible effect on the capacity of the Missouri River to convey the
1 Percent Flood.

A positive effect would be an increase in the conveyance of the river, and a negative effect would decrease
the conveyance of the river.

3.2 Missouri River Floodplain Storage

The No-Action Alternative would have a negligible effect on the Missouri River floodplain storage.
Alternatives Al and A2 would have a major negative effect due to elimination of the weir flow portion of the
surface water component of equalization flow. Alternatives A3, A7 and B1 would have a negligible effect on
the Missouri River floodplain storage since removal of the existing roadway would allow equalization to
occur concurrently with the water rise.

A positive effect would be a decrease in the time required to equalize the landward-side water level to the
flood level of the river, and a negative effect would be an increase in the time required to equalize the
landward-side water level to the flood level of the river.

Although, as stated above, the roadway fill for the alternatives represents no more than two-tenth of
one percent of the flood storage zones, the Project is in a reach of the Missouri River with an un-numbered
Zone A, and any development in the floodplain will require a floodplain development permit.

A positive effect would be an increase in the floodplain storage volume, and a negative effect would decrease
the floodplain storage volume.

3.3 Lewis and Clark Lake Storage Zones

The No-Action alternative would have a negligible effect, but would still need to satisfy the requirements for
placement of fill in the Lewis and Clark Lake storage Zones 3 stated in the Corps’ “Land Development
Guidance at Corps Reservoir Projects, Appendix A” document.

Zone 3 — The No-Action Alternative would have a negligible effect. Alternatives A1 and A2 would have a
major negative effect due to elimination of the weir flow portion of the surface water component of
equalization flow. Alternatives A3 and B1 would have a negligible effect since removal of the existing
roadway would allow equalization to occur concurrently with the water rise.

A positive effect would be a decrease in the time required to equalize the landward-side water level to the

level of the Lewis and Clark Lake zone, and a negative effect would be an increase in the time required to
equalize the landward-side water level to the Lewis and Clark Lake zone.

4.0 Conclusion

The No-Action Alternative would have a negligible effect on the conditions studied.
Alternatives A1 and A2 would have a negligible or major negative effect on the conditions studied.
Alternative A3 and A7 would have a negligible effect on the conditions studied.

Alternative B1 would have a negligible effect on the conditions studied.
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A more detailed study would allow a refinement of the numeric values used to assess the potential effects the
alternatives may have on the ability of the valley to convey the 1 Percent Flood and the potential effect each
alternative may have on the storage capacity of the Missouri River 1 Percent Flood floodplain as well as the
potential effect they may have on the reservoir storage capacity of the Lewis and Clark Lake formed behind
the Gavins Point Missouri River Mainstem Dam. However, the relative ranking of each alternative would not
change, nor would the positive or negative aspect of each, unless baseline assumptions were changed.

Groundwater flow was not considered in this analysis; however the contribution of groundwater to floodplain
equalization flows would be directly proportional to the duration of the flood event.
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Knox County, NE Hwy. 12 Relocation
Climate Change Assessment Final Report

Purpose

USACE policy (USACE, 2014) requires consideration of climate change in all current and future studies
to reduce vulnerabilities and enhance the resilience of our water-resource infrastructure. The qualitative
analysis required by this ECB includes consideration of both past (observed) changes as well as potential
future (projected) changes to relevant hydrologic inputs. The results of this qualitative analysis can
indicate the direction of change but not necessarily the magnitude of that change. For this reason, the
qualitative analysis does not alter the numerical results of the calculations made for the other, non-climate
aspects of the required hydrologic analyses. However, the climate change information synthesized and
evaluated during the qualitative analysis can inform the decision process related to future without project
conditions, formulation and evaluation of the performance of alternative plans, or other decisions related
to project planning, engineering, operation, and maintenance.

Project Background

The proposed Nebraska Highway 12 relocation is in the northeast corner of Nebraska and runs parallel to
a portion of the Missouri River from NE Spur S54D to Verdel. The proposed relocation/raise project
includes sections of highway both upstream and downstream the confluence of the Niobrara and Missouri
Rivers and also adjustments to Highway 14. The historical construction of the Ft. Randall and Gavins
Point Dams and associated reservoirs are capturing the sediment accreting in the Missouri River Valley at
a faster rate than originally anticipated by the Corps. Increased seasonal water levels are having an
adverse impact on the two highways. The relocation/raise of the roadways is expected to decrease
flooding of the highways which causes stability and safety concerns and maintenance problems for the
State of Nebraska.

Phase |

Determination of Climate Change Relevance

The highway relocation project will raise the elevation of the highway to address perpetual flooding
issues. Any future conditions which increase the magnitude or frequency of flood flows would impact
the project. Therefore, climate change is relevant for this project.

Phase 11

Location of Climate Influence

The drainage area upstream of the project is considered the most relevant since it contributes toward the
streamflow and river stage at the area of relocation. The contributing drainage area of the site includes
the Missouri River watershed upstream of Gavins Point Dam which includes the majority of the states
of Montana, North Dakota, Wyoming, and South Dakota. It does not include the James and Big Sioux
River watersheds in eastern North and South Dakota. The Niobrara River watershed in Nebraska is
also relevant becasause the highway relocation includes a section downstream of the confluence with
the Missouri River.

Observed Climate Trends

Recent literature published by USACE (2015) summarizes findings from observed data from multiple
climate studies for the Missouri River Region. The studies summarized are described in detail within
the summary report and its cited references. The following key points regarding hydrologic variables
were determined for the upper portion of the Missouri River Region (Montana, Wyoming, North
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Dakota, and South Dakota), which includes the majority of the contributing drainage area for the
project location:
e Anincreasing trend in observed mean and daily minimum air temperature in the study region was
observed; however, a trend in daily maximum air temperature is lacking.
e The upper portion has been identified to have a decreasing trend for annual and extreme
precipitation.
o Statistically significant decline in drought frequency (droughts per century) over the past 1,000
years and a general increase in soil moisture.
e A mild upward trend in mean streamflow in the Missouri River Region has been identified by
multiple authors, but a clear consensus is lacking in the upper portion of the region.
e Thereis a clear consensus that the growing season in the Missouri River Region is lengthening;
however, there is little evidence of increased extreme temperature in the region.

Stewart et al. (2005) provides a statistical analysis covering changes in the timing of snowmelt and
streamflow across western mountainous states across North America from 1948 to 2002. The following
key point was determined:

e Results show trends in both earlier onset of the snowmelt pulse and earlier CT timing (center of
mass of the annual flow), and although the overall average streamflow at most locations
remained similar, the timing was from ten to 30 days earlier in the start of the snowmelt season
during the period of analysis.

The Bureau of Reclamation Technical Memorandum 86-68210-2010-03 (USBR, 2011) offers a
summary of recent literature on the past and projected effects of climate change on hydrology and water
resources and then summarizes implications for key resource areas featured in Reclamation planning
processes. In preparing the synthesis, the literature review considered documents pertaining to general
climate change science; climate change as it relates to hydrology, water resources, and environmental
resources; and application of climate change science. Sample results include:
e Over the course of the 20th century, it appears that all areas of the Great Plains Region became
warmer, and some areas received more winter precipitation during the 20th century.
e The western Great Plains Region also experienced a general decline in spring snowpack, reduced
snowfall to winter precipitation ratios, and earlier snowmelt runoff. Reduced snowfall to winter
precipitation ratios from 1949-2005 also are indicated in the northern Great Plains Region.

Mallakpour and Villarini (2015) found that the U.S. Midwest and surrounding states have endured
increasingly more frequent flood episodes over the past half-century. They related this increasing
number of big floods to changes in rainfall and temperature. There was an overall good match between
the areas with increasing frequency of flood events and areas experiencing increasing frequency of
heavy rainfall events. The University of lowa researchers based their findings on daily records
collected by the U.S. Geological Survey at 774 stream gauges in 14 states from 1962-2011, a data-
collection period in common for all the stations.

Projected Climate Trends
As stated in USACE (2015), While historical data is essential in understanding current and future
climate, nonstationarity in the data (i.e., a changing climate) dictates the use of supplemental
information in long-term planning studies (the past may no longer be a good predictor of the future).
Literature published by USACE (2015) summarizes findings from projected climate trend analyses
from global climate models (GCMs) within the Missouri River Basin. The following key points
regarding hydrologic variables were determined:

e Strong consensus exists in the literature that projected temperature trends in the study region

show a steady increase over the next century.
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e A general consensus exists in the literature with respect to an increasing trend in future
precipitation and frequency of large storm events in the study region. The upper portion of the
region is likely to see a larger increase in precipitation— particularly in the winter and spring.

o Consensus amongst recent literature is lacking regarding the direction of projected trends in
streamflow and related variables such as runoff and water yield. The trend direction seems to be
dependent on selection of GCM, emissions scenario, and hydrologic model (if applicable).

Combined Observed and Projected Climate Trends from USGS Viewer

The National Climate Change Viewer (NCCV) by Alder and Hostetler (2013) of the USGS allows the
user to identify observed and projected climate trends for a desired watershed or county. Automated
reports were generated for the entire Missouri River Basin as well as the Niobrara River Basin. Those
reports are included in the attachments at the end of this report. Results demonstrated in the USGS
reports are in general agreement with the findings bulleted above, showing trends of higher
precipitation, lower snow water equivalent, lower soil water storage, and higher evaporative deficit.
Runoff trends vary by season but are less clear. Figures 1 and 2 below provide historic and predicted
trends of runoff for the Missouri River Basin and the Niobrara River Basin, respectively from the
NCCV. The Niobrara Basin shows a trend of increasing peak runoff in the month of May.

RCPas RCP8.5
L 1 1 1

07

Runoff (in/ma)

Jan Feb Mar Apr May Jun Ju Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
—1050-2005 2025-2049 2050-2074 =——2075-2009

Figure 1. Missouri River Basin monthly averages of runoff for four time periods for the RCP4.5 (left)

and RCP8.5 (right) simulations. The average of 30 CMIP5 models is indicated by the solid lines and

their standard deviations are indicated by the respective shaded envelopes.

RCP4.5 RCP3.5
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o
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Runoff (in/ma)
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Figure 2. Niobrara River Basin monthly averages of runoff for four time periods for the RCP4.5 (left)
and RCP8.5 (right) simulations. The average of 30 CMIP5 models is indicated by the solid lines and
their standard deviations are indicated by the respective shaded envelopes.
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Conclusions

There is a consensus amongst climate change researchers that observed and projected trends point
towards higher average temperatures in the future which is related to a lengthening growing season.
Trends towards future runoff are not as apparent. Although there is a general consensus of trends
leading toward increasing future precipitation and frequency of large storms in the region, trend
direction related to overall runoff is less clear. This could be due to higher losses from evaporation and
lower general soil moisture.

Although the timing of runoff in the upper basin will likely be earlier because of warmer temperatures
in the winter and spring and the magnitude of runoff is uncertain, the 5 dams upstream of the project
area will be regulating this runoff so the timing and magnitude of discharges at the site will likely be
less affected by climate change than a location with no stream regulation. The Niobrara is less
regulated, so one could assume that if there is an impact due to climate change, it would likely come
from the Niobrar